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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a semiconductor laser 
element having proper characteristics, by sequentially 
growing a plurality of semiconductor lasers on a single 
semiconductor substrate. 

SOLUTION: A method for manufacturing the semiconductor 
laser element comprises the steps of forming an AIGaAs 
semiconductor laser 29 on an N-type GaAs substrate 21; and 
then forming a non-doped GaAs protective layer 30. Thus, 
when the partial region of the laser 29 is removed by etching 
to expose the substrate 21, an impurity Zn is prevented from 
being vaporized from a P-type GaAs contact layer 28. 
Accordingly, it prevents the contact characteristics of a P- 
type electrode from being deteriorated due to the decrease 
in the carrier concentration of the layer 28. Further, it can 
prevent impurity vaporized from the layer 28 from readhering 
to the exposed substrate 21. Therefore, when the laser 28 is 
later formed, a layer in which the substrate 21 is mixed with 
the readhered impurity, it is not formed, and hence the 
reliability in the case of driving over a long period can be 
improved. 
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^{*U-1f2 9&^j£l//cf& -/ > K-:/GaAs«aiB 
3 0*JB«-T5. CUt, AlGaAs»¥3W*U-1f 
2 9 CD— BB^««*x^^>^*OrnSSS«2 1* 
R£B 3 pSGaAs3>^^H28^ 

(D3>*^ h«Ftt* s S^b-r5(0«:B6flh"C*S. 2 6tC. 
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[ » jjas l ] *j»»S«±«: 1 0 a ©t£A j$5 k «fc o 
T«±CCffirrS:a>ir* Ml £#t?Jftl fiftU- tf 

XiaHf i u-if istcfcw * =i > $ * h n±tc y > 
±15 J > F - hfcJJBJS 1 ^zgf* u 

— *r etc jb w s &ftmm t u z> mm* m> x u x ± 

2@ie<Z)ISS^S«:J:^-cS2*^<*U-tfS?:JKBS-r 10 

±ibj&2 #^(* u— !f »«:*5W4»j6««t ftzmm* 
m » fc««*i<fc o*±IB y > F- ^^MM L r . 
JJ3» 1 ¥^ftl^-ifJl©=J> * * hJB&SttJS 

ft* -c. a«©»*««*wr****u— !«r-t 
*»jsfrr * c t &&mt-r z^mfcu— fm+omm?) 
& 

[ 2 ] if 3jcil i ccfBiS©**i(* b - ym*<om 
< i h . ±35 y > F - WI «g(K-r 511, 20 

¥m<m&*&m $ * sxgfc <£ o-ss 2 u — y» 

[ I»5J99 3 ] f»*ll 1 5C f Big©¥*g<* U - if 3t^©Sg 

±ie?&i¥ig{*u- if «©=!>£* \-m±K.y> h'-y 

ff($i?:MT5IS01(c. ±BE|!l¥3H*U — tf 
Jf©:3>£^ hJfXJc. ±ten>^^ h®fej;£>*y> F 

±8E>'>F-^ , fNW*»*»fiSr4Xe 30 

«c fe i, » r « . ±ib > > f - *±jE*§s*§j$a* 
t %mm 4 ] 3 tciaig®¥>9f* u - if**©* 

±IB*§JII&J5;#S& 4^?WI iU. A lGaA s^© 

w^-^^ommjmoo^x . 40 

±13 y > F - 7'*m#m tbX. G aA sJS©¥iStt:Jg £ 

set its nm» v - ym+om&ti 

m. 

[11*116] »*5 5KIBtt©*3W*U— if**©!! 
±IB GaAsJ^y > F — :? - *2S&Jl©JlJ5« 0.2m mkl± 
XieAlGaAs^jgWf ©JSJgfttO . 1 jumfc{±-C*4 

c t **ja £ -r s^^f* u — tf **©«»;& ffi. 

[Il*ii7] fjS*Jl5caBi£©*^<*u-1fS?-T-©^ so 
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±IB3ri*^ftU-tfJ§©3>3»4' Mf£GT. GaAs 
[0 0 0 1] 

[^©m-rsir^if] c©^«, -o©^»s 

SLtcefflgii©*^!* t' -if *JBfiS-C# u -If* 

T©t^*ft{C^T-&„ 
(00021 

[ft*©ftffi] ^^^^©^s^ji^. -e©iB 

©L--if*5£»g-C*.5 <> CD(3>^i-Ff-( 
X?)iD VD(f ; ^^*Jl'^ffliS7 :: ^ X^)<t©2ffi^ 

7s ^^rif^BX-2>/c&K:{*. ^?lcigSA s 7 8 0 nm 
Ftifi©*^ U — !f i 6 5 0 nmttjfi©^fe U - 

[0003] ^©ti^tc, f ^ 7 7'<D^m{t^<&m 
^b©fcJst>ic. — -xjyivT- yr-o©iSS©b— tf 

[0 004] 3tr-f XZUftlcb. U— tf t-A 
>^ j MBIiflM©^f :: ^ ^ ^(ctje^r. — 3©;-; 

-!r-> ; T'-0©jgg©U--tf > $)4Ci(i. PlD^fi-Cfe 

fatu^ffl i isstu^ffl i ©_ as© u— tf z>zt 

6«C{J. |iJD$gr|g| Otitic© 2 b'-AU-if^^i?, 
[0 00 5] cn6©SMCCft;D-57 > £:«>{c. -"3©i£ag 

»u-if*^©**^«±ccj(ai-r4«ti5*iH»s 

n-co>-5„ icw, ©^»Sffi±{C-o©gJ& 

-bwi±©u— tf*««i-rs»^«. -K©tsasRfi-c» 
«±tc«&@©ig B e B j£g£iTfc ^*sffii>6n*. r 

5te*t. **fl««±K:— *©u— !f«Jfi**g|| 

jt^i^*-r4©-c*6„ 

[0006] 

3fc©*— ©**(ttl«±K:tB»[l©*gS«Efi*tf ^ * 
*(* U— !f 3R J F-©«Ji*ffiK:B. «T©<fc 5 & 
4. Tttto^. ^<*S«±«C5fe^fi§n/cU— tffll 
jSCCfifcrflfe*© U- — »f»JS«:fiSfi»fiE-r-5»^K«. 
5t«Cfi£S3 ft/c U— tf tSiSCCteW 5tft3 > 5» f h *5+ 

-if flliitctett *«««E«tt«:S»*^ D -5^©Pr!],a 

[o o o 7 ] *tW5j«c^-rs<t. ±tBmS3>^i'h 
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[0 00 8 ] £6Cc. ±ISn>^^ hB^e>S^tB/c^F 
^g^T^bftSCiCc&So fcDfc&Cc. BfrSl^HF 

[0 00 9][15CC. GaAsS=Kl±CC. AlGaAs^ 
¥m <* U - If t A 1 G a I n P mfc U - If £ <D I O <D 

l>£o 5fcT. a 5 (a^C^TJ^CC. nSSGaAsK«l 
±CC. nIGaA^-;7 7 12 ,n^AlGaAs^7^ K 
13 .AlGaAstf-Y KH4 ,^SS^-#Fr£ttB 5 
AlGaAstf^f KB 6 ,p^AlGaAs^77 KB 7,pS 
GaAs3>^^7 KB(Zn£?Ig5 x 1 O^of'T K — 

8 T'JSS A 1 G aA sS^Sgffc U -If 9 #J3SS3 
fit. AlGaAs^¥aif*U--tf 9<0~^P^x^^ 

[0 0 1 0] fUr. #CC. ±SBAlGaI nP**3W* 
^±H<D pSGaAs3>^^H8*i e>^«% Z n#aK 

#£U aau^:GaAs»«i±ccs«»-rsciectt 

So 

[0 0 1 1] "e^Ltcmt, 0 5 (b)CC7jVr<fc5lc, £ 
MCCnMGaAs>^:7 rl 1 1 AlGa I nP >7 =7 v 
KB 1 2 .AlGal nP#>f KB 1 3 ,^mST-#Fr£14 
11 4,AlGaI nP^V KB 1 5 , p S^AlGa I nP # ^ 
9 KH1 6 r pSGaAs3>^^ K/l 1 7T'fj£SAlGa 
InP3ft*»»U-1f 1 8#J&63ttS 0 
[0012]H6tC, ±IBAlGaAsS*«f*U— tf 9 
9l<0 p §2 G aA s=3 > £ * K B 8 CC *>tt S ScSHa<D* * 
UTiftKi AlGal nP**»*U— !f 1 8l£fif8<D* 
t ■JTiSSi^to HcfcO. AlGaAs^2»»U- 
tf9Jfa?Rfi»6C5x 1 0 18 crn 3 r&o/c** 
AlGal nP^39(*U-1f 1 8jSS»tC«, 

SBtc*5i»t:w7 x 1 o 17 cm-nc^T'«^ori^ci^ 
^So 

[0 0 1 3 ] £/o. K^6RSS$n/cAlGal 
nP*¥3W*U — !fl 8©«SK-«BEft«*7Sr. 
COAlGal nP**zS*U— !f 1 8 i[5] Glfl/S© A 1G 
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a I nP«^»*U-tf*#»-CGaAsK«±CC«cfiUfc 
S^IiS ■ IEiS?:fc^Mt^UtC^o HI7 <£ 
0. #f*©iS^CC{i 1 .8 2 VVfr-otc 1 0 OmATOffi 
«>«EE#> 8»»e>JSfi3*lteAlGaI nP3fi*a«*U- 
1f 1 8<D»^tC«0 . 1 VmULX 1 .9 2 Vi&oTt* 
So cntJ. AlGal nP^zSf*U-1f 1 8CC*5l^S 
STJiOGaAs^^^rBl 1 iGaAsSfil tCDftm 
CC . G aA sSS 1 <fc iilBBttS L Z n<t D 

[ 0 0 1 4 ] f cr. c<o^Hj(Da^ti. m— <E>^<* 

& £ mr S U - if JfriSr # 4 ^3»» U - If 

*^<«sjs*ffi*tt«"r s c t cc&s, 

[0015] 

f*S1£±CC 10B<D3eaJSRfi(C<fcor*l*3W*U--if 
20 m&J&li&L1t&. C<D^l*2S(*U-1fBCC*5^Sg± 

s cc <fc -o r m 2 *zs# u - if m & mm? s tc -> x , 

±1 am 1 U - If BCc tow 2%)CflHt i ft SM^^r 

>k-^»{*b^±ib3>^^ bmoummtLxm 

^TSo 

[0016] ^©tt*. ±IB 2 El a(D|£ B B Q ^g^^^/c 

30 ^ KB^eo^^cD^^jh^nSo iwot. 

[0017] 5 ^>CC, JJBBWLfc^fl««©*ffi 
CC. ±IB^>^^ H^?.^LW«WS#it^ 

2 a a cDtt Aftficc <t o r * 2 u - if ■ 

SKCC. ±S5»2*»«U-1f»<D«T»<!:**fl«« 
(OtgD-o/cB^fiS^nSCi^^C^ cut, Sffl 

40 iiSft(DKcc*5Wsmiitt^f6]±$ns<Dr4>So 

[00 18] *fc, 1 JHIiWca:. *ft< ife, ±IB^ 

i± S If Ifc J: O'^ 2 ^*If£ U — tf m £ S Ig*« 
OilTJr^CCLro^So b/c^ot, feil 2(p]gCD 

^b b b^scc j: o r jf^ $ n/c^ 2 *^f* u-iritii 

@(DfS B Q B ^SCc J;otM? n/c^ 1 ^agf* u - If B i 
S^Lt. CCD^l*zSl*U-1fBC^^cD^2¥»f* 
U-1fB)±CC±IB>'> F-^*a»(*Ji«:*flJU % ±IB 
^f*S«^lim S -&/ca«:» 2 4^Sf* u — IfB c** 
50 co?j!3*2S{*U— tfB)^fiS^SC<bCCJ:or. |5j— 
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[00191*1 1 HJWTCtt. ±EW 1 ¥3W*U- 
En>£^ hH4dcfc^^> K-^2Sft»i«feSfflRSc 

-tfJt<Dn>£^ Miyy F-^*z»ftH<fc©lffltc. ± 
lasSB^JHSE^S&S^ftJii UTAlGaAs3fc<D¥3S 
Wg3WI5fi£3tt£. L/fcrtSoT. Wt«±E:3>** F 

IBGaAs^(Dn>^^ HHCC#t LXmiR&<D$>& H F ^ 20 
±SeGaAs«©n>^^ F»<£«##i^fcSMSSft 

[0021] *i i mmm~cte, ±e^> f-^*« 

T, ±E3U¥3«*U — tf/KDn>£^ hB±tc±E*§ 
^J&**S&£^f*B£J&JSSU -£<D±CC_hiS>' > F 
- ^*3»»Ji * JgfiS-T &¥^<* U -If ©»*#£<D 

ZfbmtL, JbSBJlSa«flE^att4*»<*»*AlGa 30 

As^o^^jBi-rna. x*=F>^ccj;oTjbE*§ 

Sffl^S^S^SSttH*!**^^!*^:. ±EGaAs^ 
^©x-^t>h^ffll^CitCj:or, ±fBGaAs^ 
[0 02 2] ^/c, 1 jU6WC«, ±iBGaAs*> r > F 

ftu-ym<Dzi>ZZ FB*Wti3tf*IB«:1BWcx 9 
^>^l»*StlS. *1 ±KAlGaAs3M*aH*B<D 
11^:0 . 1 MmkLb<LbT(,>&. U^ot, JblBGa 
A sI6 -/ > F - ^SlttB * x * * > ^l&£T 6 BS(Dx 

JbEffU¥^f*U~1fB<Dri>£* FB^SSfcHSt!- 
SIB«:IH*CCX v > yiftifeS 

[0 023]*/c, 1 ^ll^ijrit ±ES 1 U - 

1fB©='>** hiiUTGaAs^©^>^^ hB^rrfc 50 
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±CC±IB|£ a B a ffl^M^^^2MttJl^^U. fOi^C 
±fBV> F-^^*«*^«r&*3»l*U---!f* : ?-© 

*#»*AlGaAs»0>*aW*»i-rtl«, x**>y 

tc, ±IBGaAs36(D=J>^^ h«*c#0Tj8tRt4<D*£ 
HF^*-5l^»ffiK*Ox 2;ft>h^ffll^C(!:{Cj: 
ot, ±EGaAs*©n>^^ HKDiSt^KffiCCftlJiai 

[0024] 

<S£ i HJ6(DJI5SS>H 1 SOI 2 :^Jfc(DJfo*<D* 

Ca){C7ST<fc9K:. nMGaAsig2 1±(C. n^GaA 
^777182 2 ,nf A1GaAs^7 ? FB2 3 v AlGa 
As#-f FB2 4 .^mST-^FrSttB 2 5 f p§2AlGa 
AstfJ FB2 6 ,pSAlGaAs^7-> FB2 7*5<fcCf 
pSGaAs^>^^ hB2 8^MOCVD(WitI^ 

ifHCD—«l<bl/rOAlGaAs^^2S(*U-1f 2 9 **» 
lS3n^ 0 t(Dm^. *JhB<DpSSGaAs:3>**FB 

2 8«C{*. 'JTifttt^S x l 0 ,8 arf 3 i^C^cfc^CC 
ZrflWF-^SJvCl**. 

[0 0 2 5 ] 3 JJBAlGaAs»*aW*u-lf2 
9C7)pSGaAs=i>^^ hJ12 8±tC v ±E^>F-^ 
«<bL "CCD ^> F-:/GaAsSSBS3 0£ 
0 .2>m©fWriSfiS*S. cut, nasoiss 

[0 02 6 ] IJtfC. 0 1 (b)CC^TJ: 5 K % ±IBAlGa 
A s»*a»ft 1/ - If 2 9 ©-WD««# x > ^ > ^ «fc 
otiJ^tit, nSGaAsB«2 l3&«*m3*iS. * 
famcte. 5fe-T, *BBfixy^^>FCCJ:or, nMA 
!GaAs^7? FB2 3teB<*rx*^>y**T& 
^ 0 ^CCC. HF^*/c«lBB^©x^^i' > FCC<fco 

^*30nMAlGaAs^77 K12 3^X'^>^ 
l&ST£o KUb©i 7 ^ t > h r »G aA s(ix 7 ^> ^ 
m*frl>/ctf> v nSGaA^977l22$I-Ci^ 

NH,*Oi'^t>Mc<l:-9t. nSGaA^'*;7 7 
IB2 2*xy^>y|»*LrnSSGaAsB«2 1 SrBHi 

[0 02 7] CCDti^CC, ±IBnMGaAsg^2 1 ±{C 
SSofcAlGaA s.^^S^ U-1f29CC4sW^pSGaA 
s3>^^ hB2 8<D_hlCGi, y> F-^GaAs««ia 

3 O^JSEfiStin^S. U/cA^t, ±IBATGaInP 

CC. *Prt<DigMGt<fc6pMGaAs:3>£^ hJ12 8^6 
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GaAsCH^Jf 3 CHtte F-'O F 3&^ihtBl^l>. 



U/cGaAsSl£2 1 O^MCC, pSGa 



As3>^^ fb2 siPhm^tc^n^zxm<o^m^ 

[0028] 0 l (OtCTjrrj: 5 tc, Office, n 
iGaAs^'>; 7yB3 1 , nlAlGa I nP 9 ^ v FB 3 
2 .AlGalnP^ FB3 3 ,£S*^#FiSttJ13 
4, AlGal nP^V F13 5 ,p^AlGaI nP^7 7 
FJB3 6 teitf pMGaAs3>£^ H3 7^MOCV 10 

— ^liLxTCDAlGal nP**a»f*U-tf3 8^J&S 

n& 0 cut, 2@a©3fta«ES*stftohs. ^ m 

1 CO0C*jl»r«. GaAsS&2 1 ±tCJ&g3*l/cAlG 
a I nP^*zS(tU— !f 3 8 <h A IGaA sS^** U — tf 

2 9 JiCC*£g£ft/cAlGaI nP^^SftU-lf 3 8 i 

5K!8j^*vCI>4#, HKCCttfe A: e>3!p& J: 

[0 0 2 9] 12 (d)CC^-rJ: accjgfiES 20 
n/cATGal nP3R*3if*U— !f 3 8 Ktett 
Stl3rcAlGaAs**5»ftU— tf 2 9l(Cl^otM 
3ftTC*£^«<h, y> F-^GaAs«SIJB3 0 <t£, 

[0030] jittwcu*. 9cr % mm&x- * ? + > f cc 

cfcoT. ±IEAlGaI nPSS^SKtU-lf 3 8c7)n^Al 
GaInP^7^ KJB3 2CCJ1< Jti 9^>y*f¥tt 

ot, SIO<DnSAlGaI nP*^* FB3 2%nSGa 
A^y7rI3 1J.tX7f>^^, £<D»^ 31 30 

linSGaA^'77 713 1 ±-Cf?±"T?>„ ' 3l*i&C> 

CCcto^r, niGaAs^^7l3 1 ^> F- 7* 

GaAs*£»B3 04x^>^iiL^ AlGaAs^ 
^S(*U-1f2 9c0pMGaAsn>£^ H2 8 ^rUffi 

[0 0 3 1] $6tC, ±f2n^GaAsS®2 l±«CtoW 
SAlGaAsS¥«i*l/- tf 2 9 iAlGal nP^*2§<* 
U-if 3 8 <b(D^WSP^^*^nr, 12 (e)CC^-T 40 
J:5&C. ±ISnMGaAs*S2 lJbCC, AlGaAsS^ 
a*E#U-1f 2 9 <tAlGaI nP**3K*U— tf 3 8 tfr 

[0 0 32]fU/cfl H2 Cf)CC7S-r«fc^(C, _LfE 
AlGaAs^*2»f*U-1f 2 9C7)pSGaAs^>^^F 
128 fci^pSAlGaAs^^ v FB 2 7 CDj^St? 

BtiSt-fZo |53B$CC, AlGal nP3fi^«ftU-1f 3 8<D 
pMGaAs^>^ FH3 7 fciO'pSlA IGa I nP£> 50 
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K1X h7^^©'J *^»«rJ&fiST£. -eit, AlGa 
As^2»(tU— tf2 9 COU >^SP±iAlGaI nP^ 
»f*U — tf 3 8 9 ?^8|5±<tCC % pSAuZn/Au/Mo 
/A umS 3 9 ,4 OSrJKJSTS. n^GaAsI 
«2 1 CDSlffiCCn^AuGe/Ni/Mo/Au^4 1 

ir£ 0 cur, -ocD**a*wr-s¥3W*u-if* 

[ 0 0 3 3 ] C 5 UrJKfiRSn/c^M*U-1fSRT-tt. 
±IBAlGaAs^¥»(*U— !f 2 9 KtettS pSfGaAs 
3>£* FB2 Bfrh<D^imiZr&mm*t£l<K Ltc 
^ot, p^GaAs^y^^ FH2 8 CD^IM^ * U7?S 
JS«5x 1 0 18 crrr J ^:,«}^LT4oO, ^»&Kffin>* 
ZYimhtlZ* £6Ct, nSGaAsS«2 1^<JMF#6 
1^Zn<0?SttSfcfrl> o Uc^ot, i^6flcS$n/c 
AlGal nP^*2»f*U— tf 3 8 6CteWS I - V4$tt 
» v #(*r^S3n/cgl(;fflfiE(DAlGaI nP^3Jf* 

[0 0 3 4] ±atf)J: *j|flioJBS8{cfcc*rtt. 
nSGaA s2S#£2 1 ±CCAlGaAs^^«*U-1f 2 9 
*»«lyfc««:, AlGaAs»*»»U-1f2 9K:*JW 
2JftiJS©p5aGaAs:3>#* FB2 8±CC. >>>F- 
^GaAs«aW3 0 4^fiSLrt^. Wc^^t, AT 
G aA s£¥*l* U - If 2 9 CD-^SCDM^t^ if^i 
*UTnSGaA^«2 1 «rKms'^yfc^CC % AlGal 
nP»^#U-1f*fiESS-ft*yt«>CcjiJES^CCAh^: 
t§^> ^rt(DKS«C<fcr>*r pSGaAs3>>^ KB2 8 

pSfGaAsn>^^FH2 8(D*^yTJ«ffi3&sfiT 
It, p MAuZ n/Au/Mo/AuI®3 9<bCD^3>^^ F 

[0 0 3 5 ]$e>CC, ±IBSaiU/cGaAsSS2 1©« 
HCC, plGaAs3>^^ FJ12 ZiPhWMhtc^lftM 
ZfifrftttmtZC tfmstZftZ. UcjdSt, A1G 
aAsJR¥*f*U— !f 2 9^l»*3nfc««OGaAs»« 
2 1±CC, AlGal nP^^ftb-lf 3 8 ZBf&Ltc 
AlGal nP^^i*U-1f 3 8{C*$W4«T» 
(DnSSGaAs'^? y»3 1 iGaAsSK2 1 <h(DWffi 
CC % G a A sS« 2 1 CC ±ieS«* b /c^*€^ Z n^g D 

*5tf *m«!t*|nI±"C*4<D-C*4. 
[0 03 6] ^CDESCC, _hlE>^> F-^GaAs«aB3 
0<OSi/1^0 .2 /imi ltl^ s Udm, ±ia^s 
*P (DiS^ i: 6 A 1 G a A sS^aSf* b-1f29CDGaA 
s^>^^ FJ12 8^^<D^FJ$^ZnCD^^lll|{cE6± 
-C#§<bft{C, GaAsn>^^7 hH2 8 

[0037]^ ±-§em i Hi«o^flScc*5i»rw. ±ie 

y> F-^GaAsffiKB3 OcOfS/l^rO .2 umt LXl> 



(6) 



tSSEfcftfcJ^-CAlGal nP^aSttU— tf 3 8 £>5 

him<, 0.2 Mm(U±r*ft«Ai». ±Rte^i>t:tt 

[0 0 3 8 ] <»2H«©JKJ»>3t^iaSOJi5!B» fc A1 
GaAs»*3W*U— JfiAlGal nP**3||f*:U— !f i 

[0 03 9]i3 ROl 4 tt % *||JS(WBJI©*3I<* U 
- If *^©«HWE?tt«: J: otff^Sli **** u - if 3R 

SVrj:3lC, nSGaAsS^5 1±CC, nSGaA^? 
7 7 I52 ,nMAlGaAs^7 s> FH5 3 .AlGaAs*' 
-Y Fit 5 4 ,^aST-#Fr§ttJi 5 5 .pSAlGaAsi? 
A KH5 6 ,pSAlGaAs^7 ? FH 5 7 *$«fctf pSSG 
aAs3>^^ FH5 8*«MOCVDtcJ:^rlB^fiRS3 
tlTA!GaAs**3W*U-1f5 93&sjKfiR3n*. -£© 

*±»(DpSGaAsn>** FB5 * ir 20 

U Titter 5 x 1 0 1- ot 3 <h&£<fc50CZn#F-^3 

[0 04 0] ±fEAlGaAs^z§t*U-1f5 
9CDp§^GaAs3>^^ M5 8±lCtt. JifSrJ>£^ 
Ml fcJ;OV> F-^^W*»iiiteSfflaE^««cS* 
agftB©— 01£ LTcDM/1^0 . 1 un*DS> F-^Al 
GaAsx ^>^f?±B6 0<t, *W^0 .2 /inKD^ > 
F-:/GaAsSSB6 1 <t*!i£g CHt, 1 

lei a (Dosses *>n 4 . 

[0 04 1 ]^ H3CWCC7^-rj:^(c. JtlSAlGa 30 
As»*»f*U- If 5 9<D— ^(DM^#x^>^tc<J; 
-^T^i^nr, nSGaAs!S5 1«$tl^ I: 
<$WCC(i, 3tT. niA 
lGaAs^7 7K15 3«:l<*rx^> y«rfifft 

T\ StOOnSAlGaAs^ v F15 34x^^>y 
iiTS. H±©i y * f > F "CttGaA stex ? ^ 
tH3fe<ct>/c2s&CC, niGaA^^7l5 2©*fW 

t>«NH 3 ^<Dx FtCcfcoT. nlGaAs^-; 40 

7 7 §5 2^x^>«iLtnSGaAsl^5 1 £ 

[0 04 2] C<Z>»£CC, ±ISnMGaAsa^5 1 ±CC 
«o/cAlGaAsS*igf*U--!f 5 9 CC*$W& p SiGaA 
s^>£^ hJI5 8<D±CU2, y > F-7'AlGaAsx ^ 
^>^#lkB6 0*JJ:OV> K-^GaAsffSB 6 1 ** 
fi£BS*rCl>&. Ltcfr-oX. JrfBAlGal nPm^M 

<DiSS*C<fc£p£!GaAs:3>£* M5 8 3&>6©W« 
ZrtfD^Jfe#IS±$*l£. Se>tC. y>K-^GaAsS 50 
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116 l tc« F->*> F#^£*vtl>frl>«. ^(Z><SS. 

Rffl0fcGaAsS«5 l<D*flSCC. pSGaAs^y^^ 

[0 04 3] ^CiC, 0 3(c)«C7irJ"<fc5CC, Office, n 
SGaAs^7 7 7l6 2 .nSAlGal nP*-7? FB6 
3 .AlGal nPJM FB6 4 .^fiST #Fr£tt® 6 
5, AlGal nP#W FJB6 6 ,p§2AlGaI nP^^ •> 
FJ1 6 7*$<fcU f p5SGaAs:3>£* hJf6 8^MOCV 
DCCjcoTWKtaEfiSft-t AlGal nP3R¥a»»U-1f 
6 9^Jg^3tii. CO Or, 2Ha©tt»JSR*3Wf*> 

[0 044] ^tC, i4 (cO^Ti: 0 f*CCjgfi£S 
tt/c A 1 G a I nP X¥3W* U -If 6 9 CC*$ W 55fcfc:BJ£ 
SnfcAlGaAs36**#U--1f 5 9±{CS&orj^0E 
3tiTC>S«ia<b v y> F-7'AlGaAsX 
jhJB6 0Si>V> F~:7*GaAsCS8JI6 1 x ^ 

[0 04 5 ] JIflfllKtt. $£Hi£x 9 > FtC 

^ot, ±IBAlGaI nP^2§i*U-1f6 9<DnlAl 
Gal nP^^ FB6 3tC®< v ^>^*ff «C 

*> 0 fflBRftS^B'J^IKROXy FCC J: 

ot, ^OOn^AlGal nP^ ? FJ16 34nSGa 
As^777l62Jti7?>m. C<Dtfr&, jS 
^t*<D#>&x^*> F£JBC>Tl>&fc#>, x*^>^ 
(J n SG aA 7 7 7 1 6 2 ±r Mt ^ o 
T\ «EM«*SC^»NH 3 *(Dx^^ir>Ftc<fc- 3 r. 
nMGaA s^* 7 7 1 6 2 ROV > F - 7'GaA sMl 

y> F-^AlGaAsX^'^>yffjlJB6 O^SULA: 

hCC^or. y > F-7*AlGaAsX > ^>^f?± 
16 0«£« B C^Ut, AlGaAs3MNM*U- 
1f 5 9CT)p^GaAsrJ>^^ h H 5 8 ^rSBi $-t±>So 
[0 04 6] 3 ±IBn^GaAsSS5 1 
^>AlGaAs^¥^t*U-1f 5 9iAlGaI nP«*2»» 
U-lf 6 9 04(e)CC^-r 
J:^tc % ±IEnMGaAsS^5 1 ±CC, AlGaAs^ 
»f 5 9 iAIGal nPS^gftU— !f 6 9 <b^ 

^^-cle^ s n/c*«i* u — tf *q=-3Wfta ?n^ fl 

[0047 ]«Ufca, S4 (f)CC7n^i;0CC, ±f£ 
AlGaAs*^z»ftU-1f 5 9©piGaAs3>^ 9 F 
H5 8*J<fc^pSAlGaAs^7-; F15 7©I**t 
^x^^>m*l/-C. SlHifi©»J!S©»*&<!:ia«ltC 
y^^»*»fiST*. PIRptC, ±flfiA!GaI nP^*2g 
f*lx-if 6 9©P^GaAs^>^^ h@6 8fcJ:0'pM 
AlGaInP^77FI6 7(D^^^r^x 

iuty^^Mt^, ^eur, AiGaAs^i 

(*U-1f 5 9<D*J yis»±.±A^Ga\ nP»^»<*U- 



u 

-Jf 6 9<D V vzs^±±t<C^ plAuZn/Au/Mo/AuII 
7 0,7 1^Mfe o nMGaAsSt£5 1<D 

^M&CnSAuGe/Ni/Mo/Au^@7 2*Bf&~?Z> 0 C 

[0 04 8] ±2iL//cct ^ tt, #mM<DBmcloi>T: 
±fEnMGaAsSt£5 1 ±Ct AlGaA s^agWU 
— tf5 9 4JB0ELft:«, A lGaA sfc¥3W* if 5 9 
&C:feW&^JiJtCDp^GaAs:3>£^ FJI5 8 J:CC. J@ 
JS#0 . 1 Mm(D/> K-^AlGaAsX-y^>yff±H 
6 0*$<fcMBUI#0 .2 untDsy F-?'GaAs«ffli6 

1 £ff5J&0Tt>S o L/c^ot, AlGaAs,%*i»(tU 
-If 5 9 <D— SB<D® x ? * > 30** LtniGaAs 
Stg5 1 feSUS^fctftCC. AlGal nP«*a»#U- 

{C<fcorpIGaAs3>^^ FH5 83^67lfi«SZrvAS 
iai*6©*K±TSCi^-C*S. ^O/c^CC. pi 
GaAs=i>*^ FJ15 8©*+ VTmB&1&TUX % P 
!AuZn/Au/Mo/AulS7 0 iCD^>^^ hftfebm 

[0 0 4 9] £6t£. ±lB^mU/cn^GaAsSS5 1 
©3ISCC, ±iBpMGaAsn>^^ FJ15 8^6^L 
/c^ttft Z rOfintttt 5 C t Wte < tt U ft:** o 
"C % AlGaAs»*aK*U-1f5 93&S|»563n^:««© 
GaAsS*£5 l±«CAlGaInP3R*W#U-1f6 9* 
»J5SUfcKCC, AlGa I nP3R*S«*U-1f 6 9"«C*jW 
-5*T10nSGaAs^7 77l6 2 £GaAsH^5 1 
£<D^lC, GaAsS«5 1 £±EStt»Ofc*l««!Z 

JtBIBiftoiScctewsM«tt*i^±rfir4a)"r*s."- 

[0 0 5 0] 2 6tC v #9ffi<D&&tC*Sii>X\t* ±ffiA 
1 G aA ¥*J? f* U - If 5 9 <0 & JJf t? & 5 p SS G aA s 
h» 5 8<t|5IDGaAs3R©-/>F-^GaAs« 
S816 1 iCDratC, ^&£fflJ&r&&AlGaAs^CDy 
> F-:/AlGaAsX y^>yff±»6 0*RWTI> 
& e Ufctfot, y> F-^AlGaAsX^^>yff± 
■ 6 0*l»it4ii^ GaAsJfCCMLT3itKt$0<fc 
SH FSftS^BttBSi t > h 4ffll^ C iici 
x*^>y*pSGaAs:a>££ F»5 8jWBHJ 
LfcWjS'CffiS-eSCi^'CSS. -f pIG 
aAsn>^^ hH5 8 <D/?#£ mmcfflW? Z> C t&X 

So 

[0 05 1] ^CD|5£Ct. ±K y > K-^AlGaAsX? 
7->yffi*±JI6 0(DJg/f£0 . 1 ymiltl^o L/c# 
or, -/> F-^GaAsSISB6 1 ^i^>^ST 
SRHc±IEx ? * > y SrffllSltcff ±r SCi^Si 
ftCC, AlGaAs^«»U--!f 5 9<7>GaAs=i>^^ 
F A 5 8 £i§ a S 1± 5 RSUC tefmi£ cc x * > ^|»* T * 
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[0 052 ]K, *HJfi©»JS8CC*slirfe. ±IBy> F 
-^GaAs«S»6 1 (DjgilSrO .2 jumi Utl^*s, 

faOBBtfCiD^XItZ. y> F-~7'AlGaAsX^>^ 

10 FCcJ:oTy> F-:/GaAsRRJi6 l*x*^>yo 
r -/ > F - ^A lGaA sx ? ?>?#±m 6 0 ICHJ21/ 

[0 05 3 ] <»3lB*<OjeiB>2(c*»©»W3:. Ga 
AsgfeiiK:, l@a<DtSJ|j£g£OTAlGaI nP^* 
3W*U-1f*JGRJSb. 21iIg(DiKB B H ^S<bUrAlGaA 
slR*»»U-1f*J«ft^S. ^(DBStC, lIelB©*SS 
20 ^CC<fcS*«^lx^1fi2lPiecDig H B B^^ c fc^2g 
ft U -If £ (D^^M^:±1B^ 2 HifeO^SKOiS^ <b ttiB 
(Cb, llslgOttSJaEfi*±E»2llffi©»S8©MOC 
VD^MBE (frf- ixt^v'-jSm/c^r 

[0 054] P^GaAsS«_hCC, S3(c)<7)it 

^■i|5)«(f0L«m^(JM)tCLr. AlGalnP^f* 
U-tf£MBE£&tJ:oTj£fi£-tt& 0 ^± 
H<DnSEGaAsn>^> FJl«Ctt, +t'J7ig^5x 
1 0 1, cm- 3 <t&S«t5CCSi«:F-^L/r*5<. * U 
30 AlGal nP^z»*U-*lfCC*5WSnSGaAsa 

>iS?^ FBCOJbtC. Mff^O.l mn©-/> F-^AlGa 
AsX^^>^ff±H*5iO f KW^0 .2 unKDy> F- 
^GaAs»SBi*SEfi3^*. 

[0 0 5 5 ] ±Ep^GaAsSS±CC?B^Snfc 
AlGal nP«*3W*U-tfC[)-8K>««*Xy 

icj:or^ibr, P MGaAsS«^^W5-t±So 
WCcti, SBWtfSflI*«*)*x-y^^>FCcj: 
ot, p§SAlGaI nP^-7^ FJBCC)i< *ti?*> 

40 OOp^AlGal nP^^ ^ FJl^x ^^>^*T 
So CCDia£, HClS©x^t>hr«GaAs»x 

*SCiWS6K35©x^^ + >FCC<toT. pSSGaA^ 
y7r»*X9^>y|»*0r pS2GaAsS««:BHi3 

[0 05 6] C(D^CC. JilEp^GaAsSfcbiC^o 
/cAlGal nP3fe^(*U— tfCC*5^&nS2GaAs=i> 
^^hJ!CD±«:«, y > F-7*AlGaAsX *^^>^f? 
50 lLB*>ckOV> F-^GaAs^lSJl^/S^^tir^So 
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Utc^^X. AlGaAs^¥^f*U-1f£j£g2l±£/t 
isbltCfR&frlcAtltcmc, JFrt<£>iSiS*Cj:SnStGaAs 

±iay> F-^GaAsSKBlcttF-'O F#S 

tC, n§2GaAsn>£^ FJB^6SPJ*0/c^|Sfi«5Si^l 

[0 0 5 7 ] mc s ms (awm^tmmm Lmmmz 

i£)CCLT, ±m(<C, AlGaAs^U-lf^MOCVDS 

(cjcorScBS^S. cut, 2leia©*SSflEfi* s tT io 

[0 0 5 8 ] 3C«C, »K3£J$ 5 nfc±R A lGaAsJfc¥ 
aM* U-lf CC*JW*5fe«:j|5filE3 ft/c±iBA lGa I nP^ 

F - 7* A 1 G a A s x * ^ > ^ ff* lb Jl cfc -> > F - 7* G a 

[0 05 9] JifttoKW:* 5frT> SftMSSx ? ^ * > F lc 
^oT, ^6C»M$n/c±IBAlGaAs^2S(*U-if 
CDp^AlGaAs^^ v FH&Cjg< Sti^ ^>y£?T 
tt^. CHt. ±IB A iGaAs^zgtfrU -If iCfctt 20 
^nSGaAs^y^^ h H .iSPCDnM AlGaA ^ ? 

FH ,AlGaAs^tgttJiS^±KSSttJB*^r AlGa 
As^f^ FH3&s#aE-rS»^(Ctt*©iB^I»*Stl40 

>FCCJ:-?T, p^AlGaAs^^ v FH^rp^GaAs 

> FCCcfc-^r, pSGaAsA'^7 7MOV>F 
- ^GaA sgSB*x ^ f >^*"T S. CCOtfr^ N 
H 3 ^x 9 > V £/c*Mc % " x * ^tt^ 

>F-^AlGaAsx^^>y{?jhH^KWO/cl^*r' 30 
f^jJb-T-So fct, HF^x^^^> FCC<fco 

*C, ^> F-^AlGaAsX^^>^f?±jl^ir 
£ 0 C^lt, ±EAlGaI nP3fc¥*(*U-if©nSS 
GaAsn>^^ FB«:KffiS#S<D"C*So 

[0 0 6 0] £6&C, ±IEAlGaInP^£»i*U-1f 
<h A 1 G a A slfi^SIf* U - If <h ©«»B|J^I»56 5 ft 
T. ±IBpMGaAsSS_bCC, AlGa I nPlf^gftU 
-If i A 1 G aA s&mm& U—7t #M A/CEB 5 tifc 
v - if j&is $n^ 0 

[0 06 1] -£5U/cf& iiBAlGal nP»*«#U 40 
-IfiAlGaAs^^U— tf<tCc; yZs&ZXm 

p^GaAsSfi<D^ffiCCpSSffi*^fiRT^. C 5 U 

r, -o©^»*WT4^»u--if* J f*^JsE3n 
[0 0 6 2] ±a*ofc<fc 5cc, *HJfi©^JStc*5iir 

t*, ±IB p SGaAsS®<D±CC A 1G al nP^¥^f*U 
-1f*JB«ai//c«, 81/1^0.1 /im©y> F-^'AlGa 
Asx y ^>^<9ihB*jJ:OfJRIS^0 .2/imO^> F — 
7'GaAs^Sl^Mbtl^ 0 l/c^ot, AlGa I 50 
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nPS^aj(*U-1f<0— SB©««S«:x ? fy^iSUT 
pSGaAsSffi£Rai3i*ft:f£«: 4 AlGaAs&*3W* 
U-1f*^fiS^5/c»tCJiSfi^CcAn/cii^CC % jFrt 
(0»Cj;o'CnSGaAs3>^^ F If ^6<D^*ffiS 
itOl^MSni. ^<D/ctf>CC, nMGaAsn>£ 

[0 06 3 ]^ *HJS©»*«:*5l»r«>. ±IB^> F 
-^GaAs«a»(D!R/l«:0 .2 /imiUUW, ±IB 

C> 0 -/> F-7*ATGaAsX??->^fi*±JI<DJg 

15*. 0 . 1 *!m<b LtC»4*S. ±ffi® 2 StiSCDJBSS©®^ 
ifHj^CCO .1 /Liii«±rfttltfACi 0 
[0 064] 3 8CC, ±iBHmL ZcpMGaAsS^CD* 
HCC, nMGaAs^>^^ M^^L/c^tSi 
*SWtt*-r4Ci#m<tt&. Uc^ot, _hfEAlGa 
AsS^ftU- SftJKBELfcHKC, plGaAsiii 
<J0»ffiCC±SBPI«3»L/c^*B»Si<!: pMGaAsIfii 

[0 0 6 5] 3 *Slife©JKa8(c*5Cir« t ±KSB 
2Hjffi(D^«l^i#^i^tC, ±SEn§tfGaAs:3>** 
M<b[S]D GaA sykosis F-^GaAsSKBiCDHI 
tC, M^C^>^r^^>AlGaAsm<7)y > F-^'AlGa 
AsX^^>^ff±Ji*»WT:CiSo Uc^ot, y> 
F - :/ A 1 G aA sx^> ^ff±Ji£|&ST ^>«^tc 

GaAsli6C*fL/rjgiR14(D*Sx^^-i;>F*ffll» 
^CiCCi:-oT, x^^>^*Hl||te:nSSGaAs3>^ 

t>^, nS!GaAs3>»^ F»<D«*«riR!BCC*lJfflPTS 

IB^> F — ^«aW*5 J: O'x > * > ^ff±JB<D»afflflE 
^CCff^3n-5>±IB»l¥2»#U-1f)i©=i>*^ 

[0 067 ]J/c ±KS*ft©}B««cte^Ttt, 13— 
©¥3W*S«±tc2 ^©¥33W*U-1f»4JB«t-rS»^ 

(D^«ttU-1f!i*ffJJS-r-5CifcpIfig-C*S a m 

HIl (OtCtel^TAlGal nP3f;*2»i*U-1f 3 8€r 
^S$#^[^(C, 3 8CCGaAsn>^>7 HH3 7±CCy 

> F-^GaAs«HIB*fl5RJE"r*. *LT, AlGaAs 
^3»f*U-tf 2 9±OAlGal nP^^ftU-lf 3 

8*l**rSBRCC«, y> F-^GaAsf*»iB3 
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LT*5<o 2leiaCC^$n/cAlGaI nP^* * 

5JK*U-1f 3 8 4 1 leiacCJKflc3n/c*«»U-1fJBi 
i&Lt, 01 (b)-02 (f)*tT*.tt, 151— n§2GaAs 
g«2 l±CC3o©¥3»(*U-1fJB*}BfiJE-r4Ci^-C 

[0 0 6 8 ] 

[0 06 9] 5 e>CC. ±IBiSHi L/c*3«**«<D^ffi 

CHFM^^ 07t#^T, ±fB»ffiLfc¥»i*S 
ffi±lcBf& ZtiZ ±SB» 2 ^z»<* P - If lOfTl £ ¥ 

[0 07 0 ] *fc % ±iB»l^»#U-if)ia)3>^^ 
hJB±CclS.»fi^»tt**3l(*JB*»fiSU, c<D*£JI 30 

(D&Sx * ^ * > h SffliirifBttSfflfiE^SfeS*^ 
KB<^ffi^X;>^>^&{f±t,T±IB:3>#* 
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[0 1 ] c^KO^ftU-lfST-OSIJg^CcJ: 

[^3 ] h i *j<tcxH2 ttemtez^mwis-irm-?' 

[0 5 ] SS±CCZ!o©*a»(*u-if«rSe*(D*ffi(c 

[06 ] ftl,C&J&ZtltcAlGaAs&¥m#l'-1fm 
<Dp£?GaAsrJ>£^ hmiCtettZ>i&mmi&<D*r+ VT 
fcggiAlGal nPX^*U-1f«fiffc©** 'J T« 

mi] m^f&mz fttcA^Gal n pm¥m#\s- 

2 1,51 -nSGaAslfi, 

2 2,3 1,5 2 ,62-nSGaAy<?77i. 

2 3 ,5 3 - ri^AlGaAs^^ ^ KB, 

2 4,54 -AlGaAs^V KB, 

25,34,55,65 -^fiST-^FrSteB, 

2 6 ,56-pSAlGaAs^ KB, 

2 7,5 7 - plAlGaAs^7 > FI, 

2 8,3 7,5 8 ,6 8-pSGaAs3>$^ KB. 

2 9,5 9 -AlGaAs3g^itU.—tf, 

3 0,61 K-^GaAsffiSB, 

3 2 ,6 3-n3SAlGaI nP^5? KB, 
3 3,35,64 , 6 6 • -AlGal nPtf-Y KB, 
3 6 ,6 7-pSAlGaI nPZvv KB, 
3 8 ,6 9 -AlGal nP^zS&U-lf, 

3 9,4 0,7 0,7 1 -pSAuZn/Au/Mo/AuIS, 

4 1 ,7 2-nSAuGe/NiyMo/Auii, 

6 0 - K-^ATGaAsx^^>^f?±Bo 
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